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. , exponential(Malthusian)law .





(2) , Verhulst Pearl law , . (2) ,
Volterra , 2 .
$\frac{dN_{1}}{dt}=\gamma_{1}N\mathrm{I}^{1-P_{1}}(hN_{1}+kN_{\underline{\gamma}})]$
$\frac{dN_{\underline{7}}}{dt}=r_{\gamma}.N_{2}[1-P_{\neg}\underline{.}(hN_{\mathrm{I}}+kN_{\dot{L}})]$ : $ph$ (3)
(3) , (2) . – , , $[$ $]$ $N_{1}$ N ,
$h,$ $k$ , .
1448 2005 200-214
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, Volterra (3) Lotka ”
Volterra .
(3) , $r_{1}>0,r_{\gamma,\sim}>0$ , Pl\neq p . , pl=p
. , . , 3
.
a) $N_{1}=0$ $N_{\tau}-=0$ (4)
b) $N_{1}=0$ $N_{\gamma,arrow}= \frac{1}{p_{\underline{\eta}}k}$ (5)
c)N. $=0$ $N_{1}= \frac{1}{p_{1}h}$ (6)
.
$1)\mathrm{a})$ , , $(N_{1},N_{\gamma,\wedge})=(0,0)$ . (3) $J(0,0)$ ,
$J(0,0)=(\begin{array}{ll}r_{1} 00 r_{\underline{\gamma}}\end{array})$
, ,





$\wedge\sim\urcorner$ , $r_{1}>0,r_{\underline{0}}>0$ 2 ,








$J(0, \frac{1}{p_{\tau}-k})=\{\begin{array}{ll}r_{1}(1-\frac{p_{1}}{p_{\underline{\gamma}}}) 0-r_{2}\frac{h}{k} -r_{\underline{\tau}}\end{array}\}$
(11)
$\ovalbox{\tt\small REJECT}*$cf.Lotka”Eleme.ntsof $\mathrm{p}\mathrm{b}\mathrm{y}_{\mathrm{c}}\mathrm{s}\mathrm{i}\mathrm{c}\mathrm{a}1$ Biology’ $1925$
202
, ,





, $l_{\rceil}.>0,r_{\underline{\gamma}}>0$ $-r_{\tau}-$ ,
$\ovalbox{\tt\small REJECT}_{r\mathrm{I}\backslash \backslash }/-\iota 5$
$(0, \frac{1}{p_{\underline{0}}k})$
$\overline{\mathscr{L}}i\mathrm{E}rightarrow$ 0 $P_{2}<p_{1}$ (14)
$3)\mathrm{c})$ $\mp\iota\prime^{J-}\Phi_{|\backslash \backslash }^{5},\mathrm{t}$ , , $(N_{1},N_{2})=( \frac{1}{p_{1}h},0)$ . 2) ,
$( \frac{1}{p_{1}h},0)$ \hslash 3‘‘L--i $\Leftrightarrow$ $P\iota<p_{2}$ (15)




. 2) , $(0, \frac{1}{p_{arrow}\neg k})$ $\acute{\mathscr{L}\mathrm{j}}\mathrm{j}\inrightarrow$ .











, $P(x,y)\neq 0$ ,
$\underline{dy}\underline{\underline{O}(\mathrm{x},y)}=$ (18)
$dx$ $P(x,y)$





















$\mathrm{S}=0$ , $r_{1}N_{1}[1-p_{1}(hN_{1}+kN_{\underline{\tau}})]=0$ , ,
$N_{1}=0$, $hN_{1}+kN_{2}= \frac{1}{p_{1}}$ (22)
$\mathrm{S}=\infty$ , $r_{\underline{\gamma}}N_{-}\neg[1-p_{2}(hN_{1}+kN_{\underline{7}})]=0$ , ,
$N_{\gamma,\sim}=0$, $hN_{1}+kN \underline{\gamma}=\frac{1}{p_{\underline{\tau}}}$ (23)
(22), (23) , $p_{2}<p_{1}$ , $\frac{1}{p_{7}-}.>\frac{1}{p_{1}}$ , (23) (22)
.
$\mathrm{S}\neq 0$ , (21) ,
$\frac{p_{\underline{\gamma}}k(Sr_{-}\gamma p_{\underline{n}}h+r_{1}p_{1}k)^{\underline{\mathrm{o}}}}{r_{1}(Sr_{\underline{\urcorner}}h+r_{1}k)(p_{1}-p_{\gamma}-)}.[N"$
$+ \frac{(Sr_{\underline{\gamma}}p_{\gamma}-h-r_{1}p_{1}k)}{2Sr_{\underline{\tau}}p_{\underline{\gamma}}k}N_{1}-\frac{1}{2p_{\eta}\vee k}\ovalbox{\tt\small REJECT}^{2}-$
$\frac{(Sr_{\tau}-P^{\underline{\gamma}}h+r\mathrm{i}p_{1}k)\underline{\gamma}}{4S^{\underline{\gamma}}r_{\eta}^{\underline{\gamma}}-r_{1}p_{-}\tau k(Sr_{\urcorner}-h+r_{1}k)(p_{1}-P_{-}^{\gamma})}\ovalbox{\tt\small REJECT} N_{1}-\cdot.\frac{Sr_{\underline{0}}(Sr_{\underline{7}}p_{\underline{\gamma}}h-r_{1}p_{1}k+2r_{1}p_{\gamma}-k)}{(S\prime_{\underline{\eta}}p_{\underline{\tau}}h+r_{1}p_{1}k)\underline{\gamma}}\ovalbox{\tt\small REJECT}^{2}=1$ (24)
, .





INTEGR A $\mathrm{L}$ $\mathrm{C}\mathrm{U}$ QVES FOQ T$WO$ $\mathrm{P}\mathrm{O}$ $\mathrm{U}\llcorner$ ATI $\mathrm{O}\mathrm{t}\sqrt \mathrm{S}$
$\mathrm{C}\mathrm{O}h^{1}\mathrm{t}$ PETI $\mathrm{N}\mathrm{G}$ FOR CON $\mathrm{O}\mathrm{N}$ $\sigma OO\mathrm{D}$ $\mathrm{S}\mathrm{U}\mathrm{P}\mathrm{P}\llcorner$
4
$(0, 0)$ , 4 , $\acute{\vee}\backslash$
$l$
. , $(N_{1}, N_{-} \urcorner)=(\frac{1}{p_{1}h},0)$ t ( ), $(N_{1}, N_{2})=( \mathrm{o},\frac{1}{p_{\underline{\eta}}k})\iota\mathrm{h}_{\mathscr{L}\mathrm{i}\hat{\mathit{1}\mathrm{E}}}^{rightarrow}$
, , .
, (24) 0 , (25) :
$N_{2}+ \frac{(Sr_{\gamma}-p_{-}\neg h-r_{1}p_{1}k)}{2Sr_{\underline{?}}p_{\underline{\tau}}k}N_{1}-\frac{1}{2p_{\underline{\gamma}}k}=0$
$N_{1}- \frac{Sr_{\underline{\tau}}(Sr_{\underline{\eta}}p_{-}\gamma h-r_{1}p_{1}k+2r_{1}p_{-}\urcorner k)}{(Sr_{\underline{\tau}}p_{-}\urcorner h+l_{1}p_{1}k)^{\tau}\sim}.\cdot=0$
(25)
$\mathrm{S}=\infty$ , ,





$arrow$ 0 $(\mathrm{S}arrow\infty)$ (26)$N_{-}\neg=$
$(r.’ p_{\underline{\gamma}}h+ \frac{r_{1}p_{1}k}{S})^{2}$
, $\mathrm{S}=\infty$ , $(N_{1}, N_{\underline{\gamma}})=( \frac{1}{p_{-}\urcorner h},0)$ .
206
$\mathrm{S}=0$ , $\mathrm{S}=0$ ,
$N_{1}=0$ $N_{2}= \frac{(r_{3})p_{1}k\underline{\gamma}}{(r_{1}p_{1}k)^{\tau}-}=\frac{1}{p_{1}h}$ (27)
, $(N_{1}, N_{\underline{\gamma}})=(0, \frac{1}{p_{1}h})$ .
, (3) , – $\text{ ^{}\backslash }$ , $N_{1}$ $N_{2}$ $L\ovalbox{\tt\small REJECT}_{\backslash }\backslash \text{ ^{}\prime}$ –$hk$






, $h_{1}\neq h_{\underline{?}},k_{1}\neq k_{2}$ , (3) 3 ,
. $(N_{1}^{\cdot}N_{2})*,*$ ,
$N_{1}= \frac{p_{\underline{\gamma}}k_{\underline{\eta}}-p_{1}k_{1}}{p_{1}p_{7}-(h_{1}k-h_{\mathrm{q}}k_{1})-}*\underline{"},$ $N_{\underline{\gamma}}= \frac{p_{1}k_{1}-p_{-}\urcorner k_{\underline{7}}}{P_{1p_{\underline{7}}(h_{\iota_{-}^{k_{\gamma}-h_{\underline{\gamma}}k_{1})}}}}*$
(23)
, $N_{1}*>0,$ $N_{2}*>0$ , 2 .
$h_{1}=h_{2},k_{1}=k_{\mathrm{o},\sim}$ 2 $N_{1}$ , N
, $h_{1}\neq h_{\underline{\gamma}},k_{1}\neq k_{2}$ $2$ $N_{1}$ , N 2
. ,
$N_{1}>0*\prime N_{2}>0*$
, ” ” ,
, .




, , . $N_{l}$ , $N_{\eta,\sim}$
2 . ,





. , $h_{1}\neq h_{\underline{\eta}},k_{1}\neq k_{2}$




, . , ,
.



















$K_{1},K_{-}\urcorner\in C^{1}$. for $N_{1}\geq 0,$ $N_{2}\geq 0$ ( ),




$\frac{\partial K_{1}}{\partial N_{\underline{\mathrm{o}}}}<0$ , , $N_{1}$ $\mathrm{x}$ , prey $N_{1}$ $(K_{1} (N_{1},N_{2}))$ ,
predator N , $\frac{1}{N_{\mathrm{J}}}\frac{dN_{1}}{dt}$
.
.
$(\Pi_{\rceil})$ $\frac{dK_{1}}{dS},<0$ , \mbox{\boldmath $\tau$} , fix $(N_{1}, N_{\underline{\gamma}})$ , $N_{1}$ $\text{ }\pi\not\in^{-_{\mathrm{i}}*}+’\vec{<}$ $\mathrm{S}$
. $(N_{1}, N_{-}\urcorner)\mathrm{B}^{\grave{\grave{\mathrm{y}}}^{\backslash }}\backslash \$ , $\frac{N_{\gamma}-}{N_{1}}$ $\gamma y\grave{\grave{\backslash }}\grave{\grave{;}}*$ . $\mathrm{S}$
.
) $\frac{\partial K_{1}}{\partial N_{1}}<0$ , $\not\subset$-\eta % +\nearrow J7‘ . $N_{\underline{\gamma}}$
, $N_{1}1$ , $N_{1}$ , $N_{\gamma}-$
, $N_{\rceil}$ .
$(\mathrm{m}_{1})$ $K_{1}(0,0)>0$ . , $N_{1}$ $N_{2}$ , $N_{1}$ ,
$\mathrm{C}\mathrm{I}\mathrm{V}_{1})$ $\exists \mathrm{A}>0\mathrm{s}.\mathrm{t}$ . $K_{1}(0, A)=0$ . , $(\mathrm{I}_{1})$ $\frac{\partial K_{1}}{\partial N_{\gamma}-}<0$ $K_{1}(0, N_{2})<0$ for $N_{\underline{\gamma}}>A$ .
$(\mathrm{V}_{1})$ $\exists B>0\mathrm{s}.\mathrm{t}$ . $K_{1}(B,0)=0$ .
, ( l)–ddKSl $<0$ $K_{1}(N_{1},0)<0$ for $N_{1}>B$ ( $\ovalbox{\tt\small REJECT}.\mathrm{p}\not\equiv$ prey ,




$\frac{\partial K_{\tau}-}{\partial N_{\gamma\sim}}<0$ , , fix $N_{1}$ predator $N_{2}$ $N_{2}$ $\text{ }\backslash \mathfrak{F}’\mathrm{A}$ .
( . )
$\langle$
$\Pi_{\underline{\gamma}})$ $\frac{dK_{-}}{dS},<0$ , , $l\exists_{arrow l}\mathrm{i}^{\mathrm{B}}\mathrm{s}_{\backslash }\backslash$ $\mathrm{x}$ (Nl’N-\neg )| , $\mathrm{S}$ $(N_{1}, N_{\gamma})-$
predator N .
$(\mathrm{m}_{2})$ $\exists C>0\mathrm{s}.\mathrm{t}$ . $K_{2}(C,0)=0$ .
, ( ) $\frac{dK_{-}\urcorner}{dS}<0$ $K_{2}(N_{1},0)<0$ for $N_{1}<C$ .
$(\mathrm{I}_{1_{\backslash }^{9}arrow})$ $C<B$ , $\mathrm{p}\mathrm{r}\epsilon_{-}!\mathrm{d}\mathrm{a}\mathrm{t}\mathrm{o}\mathrm{r}N_{2}$ 0 (cf. )
1
$K_{1}$ , K , $K_{1}--\cdot 0$ $K_{\gamma}=0-$ ( $\mathrm{Z}$ )
.
$N_{1}>0,$ $N_{\underline{\gamma}}>0$ ffl\not\in $N_{1}$ , N $1_{\mathit{1}}\backslash$ . F\neq $\mathrm{I}_{\lrcorner}$
3 ( ).
a) $\mathrm{Z}$ ($\mathrm{Z}$ focu\llcorner q)






$\mathrm{L}$ I $\mathrm{I}\mathrm{I},$ $\mathrm{m}$ , spiral path











$\mathrm{L}$ , I $\mathrm{I}\mathrm{I},$ $\Pi \mathrm{I},$ $\mathrm{I}\mathrm{V}$ Limit cycle $\mathrm{F}$ . ,
limit cycle $\mathrm{F}$ $N_{1}>0$ , $N_{2}>0$ $\mathrm{F}$ .
limit cycle $\mathrm{F}$ $1_{\mathit{1}}\backslash$ .
$\llcorner$ $\langle$ cycle . $\mathrm{Z}$ ,
. acenter
$\bullet$ a stable or unstable node
. a stable or unstable focus
,
case(c) , practical interest (cf.(3)) .
$\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}(c_{1})\mathrm{L}\mathrm{i}\mathrm{m}\mathrm{i}\mathrm{t}$ cycle $\mathrm{F}$ simple. .
$\mathrm{Z}$ &


















(c) $\epsilon_{1}=0.03,\mathit{5}=0.1,K=\frac{1000}{3},$ $\gamma_{1}=0.002,\epsilon_{2}=0.1,$ $\gamma_{2}=0.0124$
$N_{1}>0,$ $N_{\gamma,arrow}>0$ ,
, $\deltaarrow 0$ (Ia) , (c) . (Ia) case(a) (c)












. $\mathrm{x}=r\cos\theta,$ $y=r\sin\theta$ ,
$\frac{r}{l^{\ell}}‘=\epsilon-r^{2}$ [$\alpha^{\gamma}-\cos^{2}2\theta+\frac{1}{2}$ (\beta +\mbox{\boldmath $\alpha$} ) $\sin^{\gamma}-2\theta$ ]
$\theta^{\mathrm{I}}=\lambda-\frac{r\cdot\sim\urcorner}{2}(\beta^{\underline{\gamma}}-\alpha^{\gamma}-)\sin 2\theta\cos 2\theta$ (3)





$\mathrm{t}_{-}^{t^{\backslash }}\neq’$ –$\sqrt{\epsilon}\alpha$ $1\backslash \underline{\hslash}\Pi \mathrm{n}\pm\ovalbox{\tt\small REJECT} \mathrm{g}\mathrm{p}$ .




$r^{2}< \frac{\epsilon}{1}$ ( ) , $r‘>0$ .
$\alpha^{\underline{\gamma}}\cos^{2}2\theta+-(\beta^{2}+\alpha^{\underline{\gamma}})\sin 2\theta 2\underline{\urcorner}$
$\theta^{l}$ (3) , $\theta^{1}=0$ ,
$r^{\gamma}-= \frac{2\lambda}{(\beta^{-}-\alpha^{\mathrm{A}})\gamma\gamma\sin 2\theta\cos 2\theta}$
(5)
$\frac{2\lambda}{\beta^{\gamma}--\alpha^{\underline{\gamma}}}>0$ & . ( $\frac{2\lambda}{\beta^{\underline{\tau}}-\alpha^{\underline{\mathrm{o}}}}<0$ ).
$r^{\mathrm{I}}>0$ ‘ $\theta^{\mathrm{I}}>0$ ,
$r^{\underline{\gamma}}.< \frac{\epsilon}{1}$
$\alpha^{-}\cos^{2}2\theta\urcorner+-(\beta^{\gamma}\sim+\alpha^{\underline{\gamma}})\sin^{2}2\theta 2$







$(*_{\backslash })$ $\Leftrightarrow$ $\alpha^{2}(\cos 2\theta-\frac{\epsilon(\beta^{-}-2\alpha^{arrow})0}{4\lambda\alpha^{-}\urcorner}\sin 2\theta)^{2}-(.\frac{\epsilon^{6}-(\beta^{-}-\gamma\alpha^{-})^{2}\gamma}{16\lambda^{\underline{\gamma}\gamma}\alpha^{arrow}}-\frac{1}{2}(\beta^{arrow}-\alpha^{2}))\sin^{2}2\theta\geq 0\neg$
, $\cdot\frac{\epsilon^{-}(\beta^{\sim}-\neg\urcorner\alpha^{arrow})?}{16\lambda^{L}\alpha^{2}\gamma}\underline{.}<0$ .
$8\lambda^{\underline{\gamma}\gamma}\alpha^{arrow}(\beta^{2}+\alpha^{\underline{\gamma}})>\epsilon^{2}(\beta^{\underline{7}}-\alpha^{2})^{2}$ (6)
(6) , (4) , $r’>0$ $\theta^{\mathrm{I}}>0$ ,
. , (4) , $r^{\mathrm{I}}<0$ ,
. , (2) , closed hmit cycle .
$\theta^{/}\mathrm{r}/T^{\mathrm{I}}1T$
’ $\{$
(. 3 $j\mathrm{F}^{1}J$ $d^{J)}$.
$.p^{/}‘--\mathrm{o}$
$\mathrm{r}^{2}=\frac{\underline{\mathrm{o}}\mathrm{A}}{(\beta^{2}-\alpha^{2})\beta u^{\iota}2\theta\ell,\theta \mathit{0}\mathfrak{X}}\backslash \cdot$
$\frac{arrow.\grave{j}\prime_{7}\backslash }{?^{\wedge}\urcorner-\triangleright\sim f^{rightarrow}-}$
$.’\neg_{Pr_{i}}$ ’$\mathrm{A}‘ f,$ $\acute{-\cdot}\overline{- \mathrm{r}\prime_{.}}|$ :, $!’. \prime^{1}.\frac{A^{\mathrm{A}}}{\dot{\grave{F}}^{\sim}\sim_{\{}\backslash }..\cdot \mathrm{r}_{B}<.i\wedge$, .$’\neq_{J}$ , $;\cdot..\mathrm{h}$
.
